We perform ultrasound velocity measurements on a single crystal of nearly-metallic spinel Co1.21V1.79O4 which exhibits a ferrimagnetic phase transition at TC ∼ 165 K. The experiments reveal a variety of elastic anomalies in not only the paramagnetic phase above TC but also the ferrimagnetic phase below TC, which should be driven by the nearly-itinerant character of the orbitally-degenerate V 3d electrons. In the paramagnetic phase above TC , the elastic moduli exhibit elastic-mode-dependent unusual temperature variations, suggesting the existence of a dynamic spin-cluster state. Furthermore, above TC, the sensitive magnetic-field response of the elastic moduli suggests that, with the negative magnetoresistance, the magnetic-field-enhanced nearly-itinerant character of the V 3d electrons emerges from the spin-cluster state. This should be triggered by the inter-V-site interactions acting on the orbitally-degenerate 3d electrons. In the ferrimagnetic phase below TC , the elastic moduli exhibit distinct anomalies at T1 ∼ 95 K and T2 ∼ 50 K, with a sign change of the magnetoresistance at T1 (positive below T1) and an enhancement of the positive magnetoresistance below T2, respectively. These observations below TC suggest the successive occurrence of an orbital glassy order at T1 and a structural phase transition at T2, where the rather localized character of the V 3d electrons evolves below T1 and is further enhanced below T2.
I. INTRODUCTION
Vanadate spinels AV 2 O 4 with divalent A 2+ ions have attracted considerable attention owing to the interplay between the orbital degree of freedom and geometrical frustration [ 1 ] . The trivalent magnetic V 3+ ions are characterized by double occupancy of the triply-degenerate t 2g orbitals (t 2 2g ), and form a sublattice of corner-sharing tetrahedra (pyrochlore lattice). Upon cooling, AV 2 O 4 , with nonmagnetic A = Zn, Mg, and Cd, undergoes a structural phase transition followed by an antiferromagnetic phase transition [2] [3] [4] [5] [6] [7] [8] [9] [10] . With magnetic A = Mn and Fe, owing to the presence of additional A 2+ -V 3+ exchange interactions, AV 2 O 4 exhibits a more complex structural and magnetic behavior, with successive structural and ferrimagnetic phase transitions [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] ]. For AV 2 O 4 (A = Zn, Mg, Cd, Mn, and Fe), the structural phase transition is considered to arise from a longrange ordering of the V t 2g orbitals, where the lowering of the lattice symmetry should result in the release of frustration (magnetic ordering). The orbital order to explain the structural and magnetic orders for AV 2 O 4 is still under debate both theoretically [ [25] [26] [27] [28] [29] [30] [31] and experimentally [ 4, 7, 12, 15 ] ; it is considered to be driven by the competition among Jahn-Teller coupling, Kugel- ) is a unique vanadate spinel with its highest electrical conductivity among the insulating or semiconducting AV 2 O 4 , which is considered to arise from the nearly-itinerant character of the V 3d electrons [ [33] [34] [35] [36] [37] [38] [39] . CoV 2 O 4 exhibits a ferrimagnetic order below T C ∼ 150 K, which is similar to AV 2 O 4 with magnetic A = Mn (T C = 57 K) and Fe (T C = 110 K). However, while AV 2 O 4 (A = Zn, Mg, Cd, Mn, and Fe) lowers the cubic lattice symmetry by the structural phase transition, CoV 2 O 4 is unique in that the lowering of the cubic lattice symmetry is absent down to low temperature. Although a very recent neutron scattering study of CoV 2 O 4 discovered a very-weak structural phase transition at ∼90 K within the ferrimagnetic phase, this structural transition was characterized as a short-range distortion of the O octahedra, which does not lower the global cubic symmetry of the crystal [ 40 ] . The very small magnitude of the structural distortion in CoV 2 O 4 is considered to be relevant to the nearly-itinerant electron character.
For CoV 2 O 4 , the previous reports of the experimental studies in the single-crystalline and polycrystalline samples suggested the presence of additional transition within the ferrimagnetic phase [ 34, 35, 38, 39 ]. However, the reported transition temperatures, also including the ferrimagnetic transition temperature T C , differ from study to study. This variation in the transition temperature values seems to arise from the off-stoichiometry of the samples. In the crystal growth of the cobalt vanadate spinel, the Co : V ratio of the grown crystal is prone to deviate from the stoichiometric ratio of 1 : 2 to 1+x : 2-x with excess Co x. Very recently, the measurements of the magnetization, magnetostriction, neutron scattering, and dielectric constant for the single-crystalline and polycrystalline Co 1+x V 2−x O 4 with various x extracted the intrinsic magnetic and structural properties irrespective of the off-stoichiometry [ 39 ] . It was suggested that, in addition to the ferrimagnetic transition at T C , two other possible transitions occur within the ferrimagnetic phase [ 39 ] . Fig. 1 (*) depicts the ferrimagnetic transition temperature T C and two other transition temperatures T 1 and T 2 in Co 1+x V 2−x O 4 as functions of off-stoichiometry x (the solid lines), which were suggested from the magnetization and magnetostriction measurements [ 39 ] . By increasing the amounts of the off-stoichiometry x, T C increases but T 1 and T 2 decrease. T 1 corresponds to a spin canting temperature, where a collinear-to-noncollinear ferrimagnetic ordering occurs upon cooling [ 39 ] . In Fig. 1(*) , the structural transition temperature of ∼90 K observed in the neutron scattering experiments for the stoichiometric CoV 2 O 4 is also indicated as a circle [ 40 ] , indicating the occurrence of the structural transition at T 2 .
For AV 2 O 4 (A = Mn and Fe), the long-range ordering of the V orbitals is considered to be accompanied by a canting of the V spins, which was observed as the appearance of a noncollinear ferrimagnetic order [ 15, 21 ] . For Co 1+x V 2−x O 4 , very recent neutron scattering experiments revealed the occurrence of a collinearto-noncollinear ferrimagnetic ordering (a spin canting) at T 1 [ Fig. 1 Herein, we study the interplay of orbital, spin, and lattice degrees of freedom in the nearly-itinerant Co 1+x V 2−x O 4 by means of ultrasound velocity measurements, which measure elastic moduli of this compound. The elastic modulus of a crystal is a thermodynamic tensor quantity, and thus the ultrasound velocity measurements in all the symmetrically-independent elastic moduli in a crystal can provide the symmetry-resolved thermodynamic information. Furthermore, since the ultrasound velocity can be measured with a high precision of ∼ppm, the ultrasound velocity measurements can sensitively probe elastic anomalies driven by phase transition and excitations. For the frustrated spinels, the ultrasound velocity measurements have proven to be a useful tool for studying not only the ground state but also the excited states [ were recently reported. These measurements revealed the presence of anomalous elastic behavior in the paramagnetic phase (the magnetically disordered phase) and its absence in the magnetically ordered phase. In contrast, the present study reveals that Co 1+x V 2−x O 4 exhibits a variety of elastic anomalies in not only the paramagnetic phase but also the magnetically ordered phase. Furthermore, the present study also reveals that the anomalous elastic behavior in the paramagnetic phase of Co 1+x V 2−x O 4 is uniquely different from that of MgV 2 O 4 and MnV 2 O 4 . The present study strongly suggests that the anomalous elastic behavior in Co 1+x V 2−x O 4 is relevant to the nearly-itinerant character of the orbitally-degenerate V 3d electrons, which causes the orbital glassiness within the magnetically ordered phase.
II. EXPERIMENTAL
Single crystals of Co 1+x V 2−x O 4 (0 ≤ x ≤ 0.3) were prepared by the floating-zone method, where the chemical compositions of the grown single crystals were estimated by the inductively coupled plasma analyses [ 39 ] . For the present experiments, we applied a large single crystal of Co 1.21 V 1.79 O 4 (x = 0.21), where the magnetization, magnetostriction, and neutron scattering measurements suggested the occurrence of magnetic and structural transitions at T C ∼ 165 K, T 1 ∼ 100 K, and T 2 ∼ 50 K [the solid lines in Fig. 1 
. The ultrasound velocity measurements were performed by a home-built apparatus, where the phase-comparison technique was used with longitudinal and transverse sound waves at a frequency of 30 MHz. The ultrasound waves were generated and detected by LiNbO 3 transducers glued on the parallel mirror surfaces of the crystal. We measured the sound velocities in all the symmetricallyindependent elastic moduli in the cubic crystal, specifically, compression modulus C 11 , tetragonal shear modulus C11−C12 2 ≡ C t , and trigonal shear modulus C 44 . From C 11 and C t data, we also obtained the bulk modulus 
FIG. 1: (Color online) (*) Transition temperatures TC, T1
, and T2 for Co1+xV2−xO4 as functions of off-stoichiometry x, which were reported in Ref. . Comparing the elastic anomalies at T C , T 1 , and T 2 , the rather gradual observation of the anomaly at T 1 is compatible with the occurrence of the orbital glassy order, which is in contrast to the discontinuous anomalies at T C and T 2 driven by the ferrimagnetic and structural phase transitions, respectively.
In addition to the elastic anomalies at T C , T 1 , and T 2 , as shown in Figs. 1(a)-1(c) , the elastic moduli exhibit elastic-mode-dependent unusual T variations in both the paramagnetic and ferrimagnetic phases. Upon cooling in the paramagnetic phase (T > T C ), C B (T ) exhibits ordinal hardening [ 48 ] , but C t (T ) and C 44 (T ) exhibit anomalous softening. Here, the magnitudes of the softening in C t (T ) and C 44 (T ) are ∆C t /C t ∼ 1.5 % and ∆C 44 /C 44 ∼ 0.5 %, respectively. In the ferrimagnetic phase (T < T C ), the elastic moduli exhibit nonmonotonic T variations; C B (T ) and C t (T ) exhibit minima at ∼ 130 K and ∼ 30 K, and C 44 (T ) exhibits a minimum at ∼ 130 K.
In the present study, we also investigated the magnetic field effect on the elastic properties of Co 1.21 V 1.79 O 4 . In the ferrimagnetic phase (T < T C ), the ultrasound echo signals were too strongly attenuated by the application of a magnetic field to perform the ultrasound velocity measurement, which should arise from the magnetostriction [ 39 ] . However, in the paramagnetic phase (T > T C ), we were able to detect the ultrasound echo signals independent of whether the magnetic field was applied or not. Thus, in the present study, the ultrasound velocity measurements under magnetic field were performed only in the paramagnetic phase (T > T C ).
Figures 2(a)-2(c) respectively depict C B (T ), C t (T ), and C 44 (T ) with magnetic field H||[001] in the para- Fig. 2(a) ] and C t (T ) [ Fig. 2(b) ]. In the zerofield (H = 0) paramagnetic phase, as described above in conjunction with Figs. 1(a)-1(c), C t (T ) and C 44 (T ) exhibit softening with decreasing T , while
becomes softer with increasing H, but the softening in C t (T ) and C 44 (T ) is relaxed with H, as indicated by the solid arrows. dence of the magnetoresistance shown in Fig. 3 We will discuss the origins of the elastic anomalies observed in Co 1.21 V 1.79 O 4 . First we address the origins of the elastic anomalies in the paramagnetic phase (T > T C ) [ Fig. 2] .
In zero magnetic field (H = 0), C t (T ) and C 44 (T ) soften upon cooling in the paramagnetic phase, while C 11 (T ) exhibits ordinal hardening [ 48 ] . One probable origin for this softening in C t (T ) and C 44 (T ) is a precursor to the Jahn-Teller (JT) structural transition, which has been observed in . For the JT effect, a JT-active ion and its set of ligands are considered to be a structural unit, where the crystal-field striction mechanism leads to the JT distortion. In the JT magnets, the degenerate ground state is considered to couple strongly and selectively to the elastic modulus C Γ , which has the same symmetry as the JT distortion. For such a JT-active elastic mode, T dependence of the elastic modulus C Γ (T ) above the JT transition temperature is explained by assuming the coupling of the ultrasound to the JT-active ions through the crystal-field striction mechanism, and the presence of inter-JT-active-ion interactions. A mean-field expression of C Γ (T ) in the JT magnets is given as [
with C 0,Γ the elastic constant without the JT effect, E JT the JT coupling energy, and θ the inter-JT-active-ion interaction. According to Eq. (1), C Γ (T ) of the JT system exhibits a Curie-type (∼ −1/T -type) softening at temperatures above the JT transition temperature. For Co 1.21 V 1.79 O 4 , however, C t (T ) [ Fig. 2(b) ] and C 44 (T ) [ Fig. 2(c) ] exhibit the non-Curie-type softening in the paramagnetic phase above T C . As a comparison, fits of the zero-field experimental C t (T ) and C 44 (T ) to Eq. (1) in 250 K < T < 300 K are presented in Figs. 2(b) and 2(c) as dotted curves, respectively. It is evident in these figures that the experimental C t (T ) and C 44 (T ) both deviate from the dotted curves below ∼250 K, which rules out the JT effect as a possible origin for the softening in C t (T ) and C 44 (T ) in the paramagnetic phase above T C . Indeed, for the stoichiometric CoV 2 O 4 , the X-ray and neutron diffraction experiments reported the absence of a structural distortion at T C , indicating the absence of a JT structural transition at T C [ 33, 40 ]. The other possible origin for the softening in C t (T ) and C 44 (T ) is the coupling between the correlated paramagnetic state and the acoustic phonons. It is noted here that the inelastic neutron scattering experiments in the stoichiometric CoV 2 O 4 observed quasielastic magnetic excitations in the paramagnetic phase [ 40 ] . A similar type of local spin excitations was also observed in AV 2 O 4 and ACr 2 O 4 (A = Mg and Zn), which has been characterized as spin-cluster excitations on the V/Cr pyrochlore lattice [52] [53] [54] . Furthermore, for these compounds, the non-Curie-type softening was observed in C Γ (T ) in the paramagnetic phase, which is considered to be driven by [ 40,52 ], the shape of the spin cluster in these compounds might be identical, which should be confirmed in a future study.
The softening in C Γ (T ) driven by the spin-cluster excitations is generally explained as the presence of a finite gap for the excitations, which is sensitive to strain [ 42 ] . In the mean-field approximation, C Γ (T ) in the spin-cluster system is written as
with C 0,Γ the background elastic constant, N the density of spin clusters, G Γ = |∂∆/∂ǫ Γ | the coupling constant for a single spin cluster measuring the strain (ǫ Γ ) dependence of the excitation gap ∆, K Γ the inter-spin-cluster interaction, and χ Γ (T ) the strain susceptibility of a single spin cluster. From Eq. (2), when C Γ (T ) strongly couples to the excited state at ∆, this elastic mode exhibits softening upon cooling roughly down to T ∼ ∆, but recovery of the elasticity (hardening) roughly below T ∼ ∆; C Γ (T ) exhibits a minimum roughly at T ∼ ∆. According to Eq. (2), for C t (T ) and C 44 (T ) of Co Fig. 2 , the future identification of the shape of the spin cluster in Co 1+x V 2−x O 4 by the inelastic neutron scattering study will enable the quantitative analyses using Eq. (2).
As observed in Fig. 2 , C B (T ), C t (T ), and C 44 (T ) in the paramagnetic phase all exhibit the magnetic-field (H) variations. Notably, while the softening in C t (T ) and C 44 (T ) is present already at H = 0 and relaxed with increasing H, the softening in C B (T ) is absent at H = 0 but induced by H. As described above, the softening in C t (T ) and C 44 (T ) with H = 0 is attributed to the coupling of the lattice to the spin-cluster excitations. Thus the relaxation of this softening by H indicates that the coupling of the lattice to the spin-cluster state is relaxed by H. A similar type of this H effect was also observed in MgV 2 O 4 , which is also considered to be a result of the relaxation of the spin-cluster-lattice coupling by H As shown in Fig. 3(a) , Co 1.21 V 1.79 O 4 exhibits the Tdependent magnetoresistance, which should arise from the nearly-itinerant V 3d electrons. Comparing Fig. 2(a) with Fig. 3(a) in the paramagnetic phase (T > T c ), it is evident that the H-induced softening in C B (T ) develops upon cooling below ∼230 K in accordance with the development of the negative magnetoresistance. We note here that, for the cubic crystal of Co 1+x V 2−x O 4 , C B is a symmetry-conserving isotropic elastic mode, while C t and C 44 are symmetry-lowering anisotropic elastic modes, and that the application of H causes the development of the softening for C B (T ) and the relaxation of the softening for C t (T ) and C 44 (T ). This elasticmode-dependent H effect indicates that the magnetoelastic coupling becomes rather isotropic with increasing H, which should be driven by the H-enhanced delocalization of the strongly-directional V 3d electrons. Thus, for Co 1+x V 2−x O 4 , the H-induced softening in C B (T ) and the negative magnetoresistance suggest the presence of the intersite V 3d electron interactions, which causes the H-enhanced electron delocalization in the paramagnetic phase.
As is evident from the comparison between Fig. 2 and Fig. 3(a) , in the paramagnetic phase of Co 1.21 V 1.79 O 4 , not only the H-induced softening in C B (T ) but also the H-induced relaxation of the softening in C t (T ) and C 44 (T ) coincide with the development of the negative magnetoresistance below ∼230 K. As already described in conjunction with Figs. 2(b) and 2(c) , the softening in C t (T ) and C 44 (T ) with H = 0 in the paramagnetic phase is concluded to be driven by the coupling of the lattice to the spin-cluster state. Thus the H-induced relaxation of the softening in C t (T ) and C 44 (T ) suggests the occurrence of the H-induced "bond dissolution" in the V spin clusters, which should be driven by the H-enhanced delocalization of the V 3d electrons.
In Co 1+x V 2−x O 4 , the O octahedra surrounding the V atoms are trigonally distorted from the regular octahedral shape even in the cubic crystal structure [ 33, 36, 40 ]. Additionally, for the V 3d orbitals, the small trigonal crystal field splits the triply-degenerate t 2g orbitals into a localized a 1g orbital and delocalized doubly-degenerate e ′ g orbitals [ Fig. 3(d) ]. Thus it is expected that the delocalized e ′ g orbitals are responsible for the nearly-itinerant character of the V 3d electrons [ 36 ] . The e ′ g orbitals are also expected to be responsible for the elastic anomalies in the paramagnetic phase [ Fig. 2 ].
Finally, we note that the softening in C Γ (T ) driven by the spin-cluster-lattice coupling is observed in not only the orbital-degenerate Co 1+x V 2− , which indicates that the spin-cluster state can universally emerge in the frustrated spinels. It is also noted that this type of elastic softening is relaxed by H in Co 1+x V 2−x O 4 and MgV 2 O 4 , but insensitive to H in ACr 2 O 4 and ZnFe 2 O 4 , indicating that the orbital sector is responsible for the H effect on the spin-cluster state. For Co 1+x V 2−x O 4 and MgV 2 O 4 , as described above, it is suggested that the application of H results in the "bond dissolution" in the V spin clusters, which should be driven by the enhancement of the delocalized character for the V 3d electrons. Here, comparing Co 1+x V 2−x O 4 and MgV 2 O 4 , only MgV 2 O 4 exhibits, in addition to the spin-cluster-driven elastic anomalies, the Curie-type softening in C Γ (T ), which is the JT effect (a precursor to the structural transition) expressed by Eq. (1) [ 44 ] . Taking into account that the JT effect is driven by the coupling of the elastic deformations to the localized magnetic moments, the presence of the JT effect in MgV 2 O 4 but its absence in Co 1+x V 2−x O 4 indicates that the localized character of the V 3d electrons is stronger in MgV 2 O 4 than Co 1+x V 2−x O 4 , which is compatible with the poorer electrical conductivity of
B. Ferrimagnetic phase (T < TC)
In this section, we discuss the origins of the elastic anomalies observed in the ferrimagnetic phase (T < T C ) of Co 1.21 V 1.79 O 4 . As shown in Fig. 1 First, one of the remarkable elastic anomalies shown in Fig. 1 is the elastic moduli minima at ∼ 30 K and ∼ 130 K. Since there is no additional phase transition at these temperatures, the elastic moduli minima should originate from the coupling of the ultrasound to the magnetic excitations, rather than to the static order. Indeed, in the ferrimagnetic phase, magnon excitations were observed in the inelastic neutron scattering experiments [ 40 ] . However, in the ferrimagnetic phase of Co 1+x V 2−x O 4 , there remains the possibility for the coexistence of the magnon excitations and the spin-cluster excitations. Thus, at present, we cannot identify which excitation is the origin for the respective elastic moduli minima at ∼30 K and ∼130 K.
Next, as already mentioned in Sec. III A in conjunction with Fig. 1 , the T dependence of the elastic moduli suggests the successive occurrence of the orbital glassy order at T 1 ∼ 95 K and the structural phase transition at T 2 ∼ 50 K. As shown in Figs. 1(a)-1(c) , the elastic anomaly at T 1 is observed only in the tetragonal C t (T ) with E g symmetry. We note here again that, for Co 1+x V 2−x O 4 , the trigonal crystal field splitting of the V 3d orbitals is present even in the cubic crystal structure [ Fig. 3(d) ] [ 33, 36, 40 ]. Thus the elastic anomaly at T 1 only in C t (T ) suggests that the nearly-itinerant doubly-degenerate e ′ g orbitals [ Fig. 3(d) ] play a dominant role for the occurrence of the orbital glassy order. Further, as shown in Fig. 3(a) , the magnetoresistance exhibits a negative-topositive sign change at T 1 , which indicates that, in the orbital glassy state, the application of H enhances the localized character of the V 3d electrons. While the negative magnetoresistance in the paramagnetic phase is suggested to be driven by the H-induced "bond dissolution" in the V spin cluster, the positive magnetoresistance in the orbital glassy state might be driven by the H-induced "bond reinforcement" in the V spin clusters.
For the structural phase transition at T 2 , from Figs. 1(a)-1(c), the selective observation of the elastic anomaly in the trigonal C 44 (T ) suggests the occurrence of a trigonal lattice distortion at T 2 . Thus the structural transition at T 2 is expected to further enhance the trigonal crystal field splitting of the V 3d orbitals, which is present even in the cubic crystal structure for Co 1+x V 2−x O 4 [ Fig. 3(d) 
Eq.
(1) distortion of the O octahedra, but does not lower the global cubic symmetry of the crystal. Thus the C 44 (T ) anomaly at T 2 should be driven by the short-range trigonal lattice distortion. It should be noted that Refs.
[ 39 ] and [ 40 ] suggested the existence of the orbital glassy state at temperatures of not only T 2 < T < T 1 but also T < T 2 . Taking into account that the localized electron character at low temperatures of T < T 2 was revealed by the observation of the spin gap in the inelastic neutron scattering experiments [ 40 ] , it is implied that the localized electron character in the orbital glassy state is further enhanced below T 2 , which seems to give rise to the further enhancement of the positive magnetoresistance below T 2 [ Fig. 3(a) ].
Finally, we note that, in the orbital glassy phase in the temperature range of T 2 < T < T 1 , C t (T ) exhibits the Curie-type softening, which is the JT effect expressed by Eq. (1). Figs. 4(a)-4(c) respectively depict C B (T ), C t (T ), and C 44 (T ) in T 2 < T < T 1 [from Figs. 1(a)-1(c) ]. The Curie-type softening selectively observed in the tetragonal C t (T ) with E g symmetry should arise from the coupling of the ultrasound to the doubly-degenerate e ′ g orbitals [ Fig. 3(d) ]. Taking into account that the JT effect is driven by the coupling of the elastic deformations to the localized magnetic moments, the presence of the Curie-type softening below T 1 is compatible with the existence of the orbital glassy state below T 1 , where the V 3d electrons should become rather localized. In Fig. 4(b) , a fit of the experimental C t (T ) to Eq. (1) Figs. 1(a)-1(c) ]. For Co 1+x V 2−x O 4 , the JT fluctuations might be suppressed below T 2 by the further stabilization of the orbital glassy state, which is accompanied by the lattice distortion.
Although the observation of the Curie-type softening in C t (T ) in T 2 < T < T 1 [ Fig. 4(b) ] indicates the presence of the JT interaction, the e Fig. 4(b) ] might reflect, in addition to the rather delocalized electron character, the competition/coexistence of the onsite JT and spin-orbit interactions. Additionally, the disappearance of the Curietype softening in C t (T ) below T 2 [ Fig. 1(b) ] might be a result of the enhanced contribution of the spin-orbit interaction below T 2 . For Co 1+x V 2−x O 4 , the intricate interplay of the JT, spin-orbit, and intersite spin-orbital interactions is expected to play an important role for the emergence of the nearly-itinerant electron character and the orbital glassy state, which remains to be understood.
V. SUMMARY
Ultrasound velocity measurements of Co 1.21 V 1.79 O 4 revealed a variety of the elastic anomalies in both the paramagnetic phase (T > T C ) and the ferrimagnetic phase (T < T C ). In the paramagnetic phase above T C , the present study revealed the elastic-mode-dependent unusual temperature variations of the elastic moduli, suggesting the existence of the dynamic spin-cluster state. Furthermore, above T C , the present study revealed the sensitive magnetic-field response of the elastic moduli, suggesting that, with the negative magnetoresistance, the magnetic-field-enhanced nearly-itinerant character of the V 3d electrons emerges from the spin-cluster state, which should be triggered by the inter-V-site interactions acting on the orbitally-degenerate 3d electrons. In the ferrimagnetic phase below T C , the elastic anomalies at T 1 ∼ 95 K and T 2 ∼ 50 K were found to coincide, respectively, with the sign change of the magnetoresistance at T 1 (positive below T 1 ) and the enhancement of the posi-tive magnetoresistance below T 2 . These observations below T C suggest the successive occurrence of the orbital glassy order at T 1 and the structural phase transition at T 2 , where the rather localized character of the V 3d electrons evolves below T 1 and is further enhanced below T 2 . Further experimental and theoretical studies are indispensable if the spin and orbital states of the nearlymetallic Co 1+x V 2−x O 4 in both the magnetically disordered and ordered phases are to be understood.
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